Land surface temperature plays an important role in studying the radiation and energy exchanges between Earth's surface and atmosphere. There is little literature on the relationship between the land surface temperature and the soil spectral reflectance. This paper adopts the Grunwald-Letnikov fractional differential algorithm to reveal their relationship. The simulation results elucidate that a higher land surface temperature will result in a higher spectral reflectance. The variation characteristics of spectral reflectance curves with different land surface temperatures have basically a same trend. Fractional differential order is a good index for spectral change during the derivation process. An optimal fractional order is 6/5, which corresponds to the band of 1710 nm. As the increase of the fractional order, the number of bands increases, but when it reaches a threshold, an opposite trend is found. This study provides a new perspective for adequately excavating spectral data information, and it also can be used as a reference for precision agriculture.
Introduction
Soils provide the conditions for the survival of plants, nutrients in the soils are transported to the plants, which are an important source of plant growth. As an important natural resource, soil also provides food and fiber for the survival of the earth's living organisms and maintains the sustainable development of the ecosystem [1] . Hyperspectral remote technology has the advantages of convenience, speed, lossless, and high precision [2] , it has been widely used in soil science. However, the traditional research focuses on the correlation between spectrum and soil salinity, organic matter, moisture, nitrogen, phosphorus and potassium, and it rarely analyzes the relationship between surface temperature and spectrum. Land surface temperature is a comprehensive reflection of many factors, such as soil moisture and vegetation growth status, therefore, it is of great significance to deeply study their relationship.
The traditional integer-order of first-order and second-order differential algorithms have been widely used in the study of soil hyperspectral monitoring models. Lei et al. [3] es- tablished a logarithmic first-order differential inversion model under wavelengths of 389 nm and 758 nm, employing the soils in Xinjiang as research object, and evaluation index for coefficient of determination, R 2 , was 0.715. Mashimbye et al. [4] established a hyperspectral firstorder differential partial least-squares estimation model of saline soil in South Africa, and R 2 was 0.85. Some studies have shown that 1 st , 2 nd -order differentials are quite different from original spectral curves, and it is easy to omit information and decrease model accuracy by traditional integer order differential [5] . Fractional differential is generally used as an extension for the concept of integer-order differential, which has been universally adopted in control systems, signal filtering, bioengineering, image processing and other engineering fields [6] [7] [8] [9] [10] . This is because there is a phenomenon that many systems in the real world are fractional, and the expression of integer differential models is not ideal enough.
Therefore, taking the soils of Fukang City in Xinjiang as research object, the field spectra and surface temperature of soils had been collected. Fractional derivative was introduced to discuss the relationship between soil spectral reflectance and land surface temperature from the perspective of correlation coefficient. In order to provide a decision basis for the subsequent selection of feature spectral bands, quantitative inversion of surface parameters and other hyperspectral data applications, a useful exploration of the application of fractional differentials in hyperspectral data preprocessing had been carried out.
Materials and methods

Field hyperspectral data collection
Study area was located in the northern part of Tianshan Mountain and the southern margin of Junggar Basin (87°44'-88°46'E, 43°29'-45°45'N), which was far from human settlements, and it has not been developed and utilized, basically maintaining the original ecological style, 25 soil samples were collected from May 9 to 23, 2017. Spectral measurements were performed using a Field Spec® 3Hi-Res spectrometer, which has a wavelength range of 350-2500 nm. The experiment was conducted at 11-15 o'clock under the weather of sunny and cloudy, and windless. In this paper, firstly we had deleted the 350-399 nm and 2401-2500 nm bands with low signal noise ratio. Afterwards, we had removed the 1355-1410 nm and 1820-1942 nm bands affected by moisture absorption. Finally, in order to enhance spectral differences, non-linear mathematical transformation had been conducted to spectral reflectance, R, which mainly included root mean square transformation, , R reciprocal transformation, 1/R, logarithmic transformation, lgR, logarithm reciprocal transformation, 1/lgR.
Thermal infrared temperature acquisition
Infrared thermometer is an instrument for measuring the surface temperature of an object, it uses an optical sensor to receive the infrared spectrum emitted by a measured object, and collects, focuses, and then converts the signal into readings and displays it by other circuits. It has been widely used in metal smelting, thermal processing, water temperature, oil temperature and other temperature measurements. A hand-held infrared thermometer had been used to collect land surface temperature of soil samples in this paper.
Infrared thermal effect
Infrared radiation is essentially a thermal radiation [11, 12] . In fact, any object whose temperature is higher than absolute zero, whether it is a solid, a liquid, or a gas, it is an infrared radiation source. Each type of object has different power radiation depending on its temperature and surface condition. The higher the temperature of an object is, the more infrared radiation it emits, and the stronger the energy of infrared radiation is.
Surface heat radiation
According to the laws of radiation and Kirchhoff's law [13] :
where ε is the emissivity of object, M -the radiation output of the black body, M 0 -the radiation output of the actual object.
Since the variables in the formula are all related to the surface temperature, T, and wavelength, λ, eq. (1) can be written:
where T refers to the surface temperature, which is commonly detected by an infrared radiometer.
Theoretical basis
Fractional differential algorithm
At present, the expressions of fractional differentials mainly include Riemann-Liouville, Grunwald-Letnikov, and Caputo, of which, the most commonly adopted is the Grünwald-Letnikov expression [6] , it can be defined:
where C v r − is defined:
According to the definition expression eq. (3), suppose that the duration of the func-
. Because the field spectrum is performed using the ASD spectrometer, the re-sampling interval is 1 nm, therefore, the duration is divided equally into equal intervals of h = 1, therefore n can be expressed:
Differential expression of fractional derivative for f(x) with the v-order can be shown:
Pearson correlation coefficient
The Pearson correlation coefficient method is a statistical method that accurately measures the closeness of the relationship between two variables. For the two variables x and y, several sets of data can be obtained through experiments, denoted as (x i , y i ) (i = 1, 2, ..., n), then the mathematical expression of the correlation coefficient, r, can be defined:
where x and y are the average values of samples x and y, respectively. In general, the value of r is between (-1, 1) , and the degree of correlation can be divided into the following situations: When | | 0.8 r ≥ , it can be regarded as highly related. When 0.5 | | 0.8, r ≤ < it can be viewed as moderate correlation. When 0.3 | | 0.5 r ≤ < the lowlevel correlation can be visualized. When | | 0.3, r < the correlation between the two variables is extremely weak and can be considered as a nonlinear correlation.
Simulation results
Soil spectral reflectance curves under different land surface temperatures
Soil spectral characteristics are a comprehensive reflection of soil physical and chemical properties. Soil spectrum is influenced by many factors such as soil salinity, moisture, organic matter, nitrogen, phosphorus, potassium, soil types, soil temperature, and so on. In order to study the effect of land surface temperature on the spectral reflectance of soil, seven representative soil samples were selected to plot soil sample curves for different land surface temperature values, it was shown in fig. 1 . The spectral reflectance curves of soil samples with different land surface temperature values in the study area were basically the same, the higher the spectral reflectance was, the higher the land surface temperature value was. In the visible light range (400-760 nm), the spectral curve showed a rapid upward trend and tended to be flat in the near-infrared (760-2400 nm) range, and there were three distinct moistureabsorbing spectral bands at 1400 nm, 1900 nm, and 2200 nm. On the whole, the spectral reflectance curves of soil samples with different land surface temperature values were more easily distinguished.
Trends of correlation coefficient for reciprocal logarithm transformation
In practical applications, in order to determine the representativeness of sample correlation coefficient to the overall degree of correlation, a significant test of correlation coefficient at a certain level is required. The commonly used significance levels are 0.1, 0.05, and 0.01, if the significance test is passed, it means that at the level of significance, the two variables are related and can be used as the representative value of the overall degree of correlation, otherwise, it is not. The test was performed at 0.05 level. Since the number of sample points was 25, *P0.05 = ±0.396, correlation coefficient between spectral reflectance and land surface temperature for reciprocal logarithm transformation had been calculated, which was tested at a level of 0.05, results were shown in fig. 2 . In the reciprocal logarithmic spectral curve, the correlation coefficient between spectral reflectance and land surface temperature value from 0 th -order to 0.4 th -order was not pass the 0.05 test, and the band passed the 0.05 test from the 0.6 th -order. With the increase of fractional differential order, the number of five spectral transforms shows a trend of increasing first and then decreasing. With a certain fractional differential orders, the number of bands passing the 0.05 test increased from the most to the least was generally 1/ lg , , , lg , and 1/ , R R R R R indicating that for the 25 soil samples, the effect of 1/lgR transform on enhanced correlation was superior to the other three mathematical transforms.
Maximum absolute values correlation coefficient and its corresponding band
Absolute values of maximum correlation coefficient and the corresponding band information for the 11 th -order differential of five spectral transformations had been shown in tab. 2. The absolute value of maximum correlation coefficient for 1/R and lgR transforms appeared in 1.2 th -order, and the corresponding bands were all 1710 nm. The absolute values of maximum correlation coefficients for , , and 1/ lg R R R transforms appeared in the 2.0 nd -order, and the corresponding bands were 786 nm. The maximum absolute values of correlation coefficients for five spectral transformations from 0.8 th -order to 2.0 nd -order were all greater than 0.6. 
Conclusion
In this paper, the soils in Fukang City of Xinjiang are employed as the research object, we have discussed the influence of Grunwald-Letnikov fractional differential algorithm on the correlation between spectral reflectance and surface temperature value for five spectral transformations from four aspects. These studies deeply excavated the potential information in the spectral data, providing a new perspective for the study on field spectral reflectance and land surface temperature values, and offering scientific support and application reference for local precision agriculture.
